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Waves are everywhere in nature

Sine Wave
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Waves are everywhere in nature

— Sound waves

— visible light waves
— radio waves

— Microwaves

— water waves

— sine & cosine
waves

A VAN

Sine Wave

-telephone waves
-earthquake waves
-waves on a string
-slinky waves
-stadium waves
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Waves
|. Wave: disturbance that transfers

progressively from point to
point - some waves require a medium, some
do not Mechanical:

Sound

Water ~——  Disturbance in a medium
Strings

Electromagnetic

Agnl Microwaves
Radio X-rays > no

g medium
Radar Y-rays
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Waves

A. : anything that waves pass
through that is not just empty space

3 of many atoms G \,
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Types of energy:

- Kinetic and potential
- Thermal energy
(endothermic and
exothermic)

-Sound
-Light
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KE versus PE

Height=720m
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Thermal Energy (heat energy)

- To absorb

heat (Heat moves from the
surroundings to the system )

Example: Holding an ice cube

- To radiate or
give off heat (Heat moves from system
to the surroundings)

Example: A firework
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Sound (vibrations)
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Sound (vibrations)
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http://www.youtube.com/watch?
v=1yaqUI4b974

As the sound frequencies from the speaker make the plate
vibrate, the sand gravitates to those areas where there are less
vibrations, and creates sand patterns
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Light ( the electromagnetic
spectrum ) - we will talk about
this later

< Increasing Energy
Increasing Wavelength >
0.00(1)1 nm 0.01I nm 10 nm 100(1) nm 0.01l cm 1lcm llm IO?m
Gamma Rays X-Rays uv Infrared Radio Waves
uv Light Infrared
Vacuum | C | B | A Near Mid Far
10 nm 200 280 315 380 780 1,500 5,600 1,000,000 nm
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BACK TO
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BACK TO
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Waves

A.Types of Waves

compression rarefaction

crest

Figure 2: Transverse wave

13
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Longitudinal wave Transverse Wave

Source moves Coilsmove Source moves Coilsmove
left and nght left and nght up and down up and down

The subsequent direction of motion of individual particles of a medium
is the same as the direction of vibration of the source of the disturbance.
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Slinky Wave

* Energy is being

 The metal of the slinky is the
that the wave pulse is transferred through

* The medium ends up in the same place that it
started in

* The same can be seen with a stadium wave
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Longitudinal Wave

 The medium particles vibrate to
to motion of the pulse

e This is the same type of wave used to transfer
sound
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Longitudinal

Waves
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Longitudinal
Waves
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Transverse Wave

* |[n a transverse wave, the pulse moves
to the disturbance
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Anatomy of a wave

The middle line represents the

Once the medium 1s disturbed it moves away from this position
and then eventually returns to 1t
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Anatomy of a wave

Points B and F are called the of the wave.

They are the HIGHEST points
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Anatomy of a wave

Point D i1s called the of the wave.

It 1s the LOWEST point
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Anatomy of a wave

The distance between two consecutive similar points ( in this
case the two crests ) 1s called the

This 1s the length of the wave pulse
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Anatomy of a wave

The distance between the equilibrium line and the crest or
trough is called the

this 1s the maximum height and depth
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WAVE FREQUENCY

* We know that frequency measures how often
something happens over a certain amount of time....
think of any survey that you have taken.... You go to
a sporting event __ times per week, You have
hours of schools work a night, You attend a social
even ___ times per month ETC... these are example
of frequency

* We can measure the frequency of a wave by
measuring the amount of times a pulse passes
through a fixed point over a given period of time and
this will give us the frequency
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WAVE FREQUENCY

e Suppose | wiggle a slinky back and forth and
count that 6 waves pass in 2 seconds, would
would the frequency be?

e 6 waves /2 seconds
e =3 waves / second
=3 hertz (Hz)

* Hertz stands for wave cycles per second
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Frequency
High Frequency Wave

AVATAVAVAVATA

ePeriod

Low Frequency Wave

fo— Period —|
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Wave period / Wave cycle

* The period (T) of a wave is the
time for a particle on a medium
to make one complete vibrational
cycle (wave)

It is the reciprocal of the
frequency

+ T = 1/f
e f=1/T
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Wave Speed

e \We can use what we know to determine how
fast the wave is moving

 What is the formula for velocity?

 JE—— velocity = displacement / time
 What distance do we know about a wave
* e wavelength

e and what time do we know?
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Wave Speed

 if we plug these in we get

 velocity = length of pulse (wavelength) / time
for pulse to move past a fixed point (period)

e v=M\T
 We use A (LAMDA) to represent wavelength
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Wave Speed

e v=A/T

* but whatdoesT =

o t=1/f

e So we can also write this as

e v=f A

e velocity = X
* Thisis THE WAVE EQUATION
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Waves

a.Compression: high pressure point of wave
b.Rarefaction: low pressure point of wave
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Waves

I11.Standing waves
A. . points of low energy (circles)

B. . points of high energy
(squares)
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Waves

IV.Wave Interference
A.

: amplitude of wave
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Constructive interference
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Waves

B. : amplitude of wave
decreases

AN

e Destructive interference

E . Bd
-\
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Wave frequency

* Suppose | wiggle a slinky back and forth, and
count that 6 waves pass a point in 2 seconds.
What would the frequency be?
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Wave frequency

* Suppose | wiggle a slinky back and forth, and
count that 6 waves pass a point in 2 seconds.
What would the frequency be?

— 3 cycles / second
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Wave frequency

* Suppose | wiggle a slinky back and forth, and
count that 6 waves pass a point in 2 seconds.
What would the frequency be?

— 3 cycles / second
— 3 Hz
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Wave frequency

* Suppose | wiggle a slinky back and forth, and
count that 6 waves pass a point in 2 seconds.
What would the frequency be?

— 3 cycles / second
— 3 Hz

— we use the term Hertz (Hz) to stand for cycles per
second.
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Waves WS #2

Scale: Assume 1l cm =1 m
D (/>
(3 ’

|—> 1 Second 4—'|

. The sketch above illustrates a snapshot in time of a wave sent along a cord. The wave illustrated was generated
by the hand on the left and has just reached the hand on the right.

a. Measure directly on the diagram to determine:

wavelength m amplitude m eriod S frequenc Hz speed m/s
gih p o p . q Yy e e p .

b. Directly on the sketch above label one wavelength, one crest, one trough, and one amplitude.
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Wave Speed/Velocity

* Suppose | wiggle a slinky back and forth, and
measure the wavelength as 3.8m and count
that wave is traveling at a frequency of 2 Hz.
What would the velocity of the wave be?
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Wave Speed/Velocity

* Suppose | wiggle a slinky back and forth, and
measure the wavelength as 3.8m and count
that wave is traveling at a frequency of 2 Hz.
What would the velocity of the wave be?
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Wave Speed/Velocity

* Suppose | wiggle a slinky back and forth, and
measure the wavelength as 3.8m and count
that wave is traveling at a frequency of 2 Hz.
What would the velocity of the wave be?

—f=2Hz
A=3.8m
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Wave Speed/Velocity

* Suppose | wiggle a slinky back and forth, and
measure the wavelength as 3.8m and count
that wave is traveling at a frequency of 2 Hz.
What would the velocity of the wave be?

—f=2Hz
=3.8m
— Then v =(3.8)x(2) => 7.6 m/s
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Waves

Violet

38
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Waves

VI.Electromagnetic waves: waves that require no
medium to travel

Infrored ol ¥
nfrore |g X rays
ROd'o e Mncrowove < . Ultrawoje_[ ,Gommo rays
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\J ' \/ \ !: V i‘ v '
104 {0° o® 10'2 10" ' (o®
{f million { billion { trillion {00 trillion { million trillion

Frequency in hertz
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Waves

VI.Electromagnetic waves: waves that require no
medium to travel
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Waves

VI.Electromagnetic waves: waves that require no
medium to travel

Visible
Infrared hghi X rays
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Waves

VI.Electromagnetic waves: waves that require no
medium to travel

Gomma rays
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THE ELECTRO MAGNETIC SPECTRUM
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— 0.1A

1A

0.1 nm

— 1 nm

— 10n

—/100 nm

1 um

— 10 um

— 100 um

1000 um
1 mm

— 1cm

— 10 cm

— 1m

107 _]
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10m

— 100 m
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— 400 nm

— 500 nm

— 600 nm

— 700 nm

41

Thursday, November 7, 13




Waves
Reflection
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Waves

Equal Angles of Reflection

Angle of
Incidence

Angle of
Reflection

Angle of
Incidence

Angle of

I
I
I
I
| Reflection
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Waves
Refraction
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Waves

e Refraction: a change in
direction and speed of
a wave due to the

medium PN
— bends towards normal |
in more dense object

— bends away from

normal in less dense

object Wavefronts slow down
upon entering medium
of higher index of
refraction

Wavefronts
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Argle of

Incdancs o

Waves

index of Refrachon n,

Index of Redracton 02

Amgle of
Refraction, |3

46
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Apparc_ept " Apparent
sun position Mt A sun position

Sunset

® 2007 Thomson Higher Education
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Refraction at Surface of Water

Laght rays bend (refract) as
they go Irom water to air

Eye To eye. object
ippears Lo be

48
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West
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Waves

Sunlight

Raindrops

51
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Sunlight

£ 2007 Thernann ohes Fobcation

i

Observer
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WHY CAN WE HEAR?

The waves are travelling about the same speed,
this is the number of waves needed in a
hundredth of a second to reach the ear

Short wavelength means more waves
High frequency, high sound

' '

(‘(

/
——
o

Long wavelength means less waves
low frequency and low sound

54
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Waves

. Effect: produced when a wave
source Is in one direction.
— When it moves away the wavelength gets
(lower )
— When it moves towards the wavelength gets
(higher )
S TN
N I o
A i X N £ £ mONN
(L~ N\ [ --\\.,W'
(((@))) (@)
o \ ./ T \ \\ \\\ //:’/ /‘/.
\ \\ f/_,_.r/ / \\ \"\ -_F.- B
\\\% -_-:_’ / \.\ ‘—_;——; //

Thursday, November 7, 13



Waves

The Doppler Effect for a Moving Soumud Sowunce

Larer Frequency High Frequency
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A. Big Bang Theory: Universe started
_aawith a big bang, or explosion, and
" has been expanding ever since.

1. rapid expansion
of space itself.

2.413.7 billion years,
based off oldest

light in universe.
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Waves

e Support of the Big bang

- shift of galaxies seen

* Means galaxies are moving away - increased wavelength

— Background radiation

e Radiation comes from everything (will talk about more
when we discuss nuclear chemistry)

— Abundance of Hydrogen

* Big bang to hot even for Fusion so Hydrogen is left over
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